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abstract 


Thn m-imarv objective of Project 5.5 was to determine the structural response of the 
F 89D aircraft in flight to the blast and thermal effects of a nuclear detonation, 
recorded ^ wni be used to correct or verify the F-69J Weapons 
Studv and to further define the F-89J weapon-delivery capability. Use of the 
test aircraft to evaluate the F-89J analysis was valid because of the structural stmi 


'ty To accomplish dt^' objective, the test aircraft was instrumented to measure the 


saril^repi'esentative o^delive^y17manem^^but^vereTt points where the combination 


of dynamic loads and steady state loads approach the des,gn h™ 


For each shot except John the aircraft was positioned to receive a hig 
the most critical structual member for the particular orientation and ^Rposure 
without exceeding the 5 rem-per-mission limit for maximum nuclea J 
to the aircrew. The range of maximum structural responsewas^itrl00 pefeent g 
us slant 


sr-mission 
participa- 
containing 
t flying 


to the aircrew, me lauge wi —- - , , . 
imit load. In all events except Shot John the airc^wasiJOsitioned at vano 
rángesfròm ground aero and was flying int^ady-state l.»g level fl.ght cotdttton a 
shock arrival. Òn Shot John authqriaatiSn was granted to exceed the 5 rem-p ;r mi 
limit but remain within th^5-rem-total-accumulated dosage for the aircrew 
ting in this event. Shof John was a delivery of an air-to-air weapon (MB ), 
nuclear warhead from an F-89J aircraft with the Project 5.5 F-89D aircra. 
side-by-side formation. At the time of launch, the Project 5.5 aircraft and A delivery 
aircraft banked in opposite directions performing a typical escape maneuver a!^ deter¬ 


mined bv the F-89J capability study. \. . ,,, 


Vhe aircraft successfully participated in 14 events/with yields ,h ■ 


74.1 kt. Maximum nuclear dosage received by the ajtcrew occurred in Shot 
the pilot received 3.55 rem and the project flight engineer recetv«! 2.44 fem.J'he max¬ 
imum tree-stream overpressure measured was 0.51 psi during Shot Shasta an%m>ax- 
imunt gust loading occurred during the Shot Boltzmann participation where 84 percent 
desian limit load was recorded at Wing Station 267. 


From the participation of the F-89D aircraft in Operation Plumbbob it can be con- ^ 
eluded that the response of the F-89J to the blast associated with a nuclear detonation- 
produces higher wing loads than predicted analytically.m-Rnfemtfn-l^Therefore, a 
report should be corrected to reflect the information obtained by thi^ject. 
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FOREWORD 


This report presents the final results of one of the 46 projects comprising the military- 
effects program of Operation Plumbbob, which included 24 test detonations at the Nevada 
Test Site in 1957. 


For overall Plumbbob military-effects information, the reader is referred to the 
“Summary Report of the Director, DOD Test Group (Programs 1-9),” ITR-1445, 
which includes: (1) a description of each detonation, including yield, zero-point loca¬ 
tion and environment, type of device, ambient atmospheric conditions, etc.; (2) a dis¬ 
cussion of project results; (3) a summary of the objectives and results of each project; 
and (4) a listing of project reports for the military-effects program. 
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Chapter / 


INTRODUCTION 


1.1 OBJECTIVES 


The primary objective of Project 5.5 was to determine the structural response of 
the F-89D aircraft in flight to the blast and thermal effects of a nuclear detonation. The 
recorded data will be used to correct or verify the method of analysis used for the F-89J 
Weapons System Capability Study (Reference 1 ). In addition, the project will provide 
basic research data for design of future USAF aircraft. 


1.2 BACKGROUND 


Since the original tests of nuclear weapons, considerable effort has been made to 
determine the effects of the detonations on aircraft systems. Actual aircraft participa¬ 
tion in the earlier nuclear tests was quite limited because of a lack of knowledge of weap¬ 
on characteristics and their effects on the aircraft system. In order to define accuiately 
the safe delivery capabilities of present-day and future aircraft, the Air Force initiated 
a research and development program consisting of theoretical analysis and experimental 
tests. 


Initial work of this type consisted of approximate and hypothetical studies performed 
during Operations Crossroads and Sandstone. Following this, Massachusetts Institute 
of Technology (MIT) was contracted to develop theories to predict the effects of nuclear 
explosions on aircraft structures. 


Thirteen aircraft participated in Operation Greenhouse to gather data for the verifi¬ 
cation or correction of the MIT theoretical study. Participation in Operations Ivy, 
Upshot-Knothole, and Castle provided further data for the verification of the MIT the¬ 
ories as well as determination of the delivery capabilities of the B-36 and B-50 aircraft. 


As the analytical methods of predicting weapon characteristics became more reliable, 
aircraft participation in nuclear tests became more extensive. Data obtained from 
participation in Operations Teapot and Redwing is being used to define the delivery capa¬ 
bilities of the F-84, F-101, B-47, B-52, B-57, and B-66 aircraft. Problem areas con¬ 
cerning thermally induced stresses, lethal envelopes, side gust loading, and secondary 
effects on aircraft components such as radomes, honeycomb skin sections, and engines 
were also investigated in Operations Teapot and Redwing. 


The development of the F-89J weapon system incorporated the capability for delivery 
of an air-to-air rocket with a nuclear warhead (MB-1 weapon) from an interceptor air¬ 
craft. In conjunction with this, a study was initiated to define the safe delivery and 
escape maneuvers for effective delivery of the MB-1 weapon. Plumbbob Project 5.5 
was a continuation of this program. The participation schedule for this project is shown 


in Table 1.1. 
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FORMERLY RESTRICTED DATA 


Since the instrumentation necessary for adequate response data had been previously 
installed, F-89D Serial No. 51-411 was selected as the test vehicle for participation in 
Operation Plumbbob. Use of the data measured by the F-89D test aircraft to evaluate 
the F-89J analysis was valid because structural differences existed only in the wing- 
tip region where the tip-pod fittings and attachment to the spars were stronger on the 
F-89J to permit the installation of heavier tip pods. This strength was only increased 
locally, and the general wing structural characteristics remained unchanged. 


The F-89J Weapons System Capability Study (Reference 1 ) indicated that at altitudes 
above 20,000 feet the aircraft capabilities for delivery of an MB-1 weapon were limited 
by the allowable nuclear dosage to which the crew might be subjected. Since it was not 
desirable to expose the crew to the nuclear-dosage levels required to evaluate the nu¬ 
clear barriers, the scope of this project was limited to an evaluation of the aircraft 


TABLE 1.1 GENERAL SHOT DATA 


Dite 
Shot 


28 May 19S7 
2 June 1957 
18 June 1957 
24 June 1957 
5 July 1957 


15 July 1957 
19 July 1957 
24 July 1957 
25 July 1957 


7 August 1957 


18 August 1957 
23 August 1957 
30 August 1957 
31 August 1957 


Boltzmann 
Franklin 
Wilson 
Priscilla 
Hood 


Diablo 
John 
Kepler 
Owens 
Stokes 


Shasta 
Doppler 
Franklin Prime 
Smoky 


Approximate 
Time, Pacific 
Daylight Time 


Burst Height 
and Support 


Ground 
Elevation _Yield_ 


Preshot Preshot Postahot 


Positioning Design Actual 


ft ft kt _ kt kt 


0455 500, tower 4,200 
0455 300, tower 4,000 
0445 500, tower 4.230 
0630 700, balloon 3,080 
0440 1,500, balloon 4,230 


12.5 11.0 11.5 
4.0 2.0 0.138 
20.0 8.0 10.3 
45.0 40.0 36.6 
110.0 60.0 74.1 


0430 
0700 
0455 
0630 
0620 


500, tower 
19,110, rocket 
500, tower 
500, balloon 
1,500, balloon 


4,470 


4,307 
4,212 
4,180 


25.0 


1.9 
15.0 
15.0 
22.0 


ii.O 18.7 


1.7 1.73 - 
11.0 10.3 
6.0 9.6 
10.0 19.0 


0500 500, tower 4,380 
0530 1,500, balloon 4,186 
0540 750, balloon 4,160 
0530 700, tower 4,480 


20.0 11.0 16.8 
15.0 12.5 10.7 


6.0 2.0 4.7 


60.0 45.0 43.71 


structural response over the altitude range where the capability of the aircraft is con¬ 
trolled by wing loads. Related nuclear-dosage information obtained by Plumbbob Proj¬ 
ects 2.5 and 2.9 will be used to verify the overall nuclear analysis for the F-89J Weapon 
System Capability Study. 


1.3 THEORY 


The determination of the effects of a nuclear detonation on the aircraft structure and 
crew required consideration of the following weapon phenomena: ( 1 ) overpressure asso¬ 
ciated with the shock wave; ( 2 ) gust associated with the shock wave; ( 3 ) time of shock 
arrival; (4 ) triple-point path; ( 5 ) nuclear radiation; ( 6 ) rise of the radioactive cloud; 
and (7 ) thermal radiation from the fireball. 


1.3.1 Overpressure. The overpressure associated with the shock wave at any given 
point in space was computed from the free-air overpressure curve based on the M-Prob- 
lem and the modified a correction for altitude effects as contained in Reference 9. The 
overpressure for the reflected shock was computed by the same method, using the slant 
range from a mirror image of the burst below the reflecting surface. 


If the impingement angle of the shock wave is normal or nearly normal to the airfoil 
chord plane, the pressure field is diffracted as it envelopes the airfoil. This diffraction 
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causes a pressure differential across the section for a finite time and can produce a 
structural response in addition tc that produced by the gust. 


A dynamic analysis was conducted on the F-89 wing and horizontal tail to account 
for diffraction. This analysis provided theoretical time-history plots of incremental 
shear, moment, and torsion for various stations on the wing, stabilizer, and fuselage. 
The maximum values of each type of load at a particular station are then added algebra¬ 
ically to obtain the complete gust induced incremental load at any one station. These 
theoretical values of the combined loads were then compared between stations to ascer¬ 
tain the most critical station along a particular structural member of the aircraft. 


Theoretical analysis established that the critical areas because of the crushing effects 
of overpressure were the engine-cowl doors. The doors were of conventional skin- 
stringer construction with frames at the ends. The maximum-permissible net-static- 
pressure rise because of overpressure was obtained by subtracting the steady-state 
pressure from the maximum-permissible pressure. By this method an allowable limit 
overpressure of 1.36 psi was calculated. The analysis assumed a constant static pres¬ 
sure applied to the surface. A reflection of pressure such that the resultant pressure 
is approximately twice the incident overpressure occurs when the shock-wave impinge¬ 
ment angle is normal or nearly normal to the surface. Since the engine-cowl doors are 
located on the under surface of the fuselage, it was assumed that the incident pressure 
was magnified by a factor of 2.0 and the resultant pressure was acting on the surfaces. 


The allowable overpressure calculated was a limit value; however, permanent buck¬ 
ling or damage would not occur until the ultimate value is reached, i. e., 1.5 times the 
limit value of 1.36, or 2.04 psi. For the following reasons, the ultimate value of 2.0 psi 
was established as the allowable which permits an incident overpressure of 1.0 psi: (1) 
the structure is subjected to this load for an extremely short period of time; (2) because 
of the factor of safety involved in the analysis, any damage would probably be restricted 
to local buckling; (3) loss of the component would not cause loss of the aircraft. 


1.3.2 Gust. The peak gust velocity associated with the shock wave at any point in 
space was obtained from the predicted overpressure and the normal shock-wave rela¬ 
tions as given by the Rankine-Hugoniot equations. The method used for predicting the 
overpressure is defined in Section 1.3.1. 


A dynamic-load analysis was conducted by the method used for Reference 1 and 
presented in detail in Reference 3. This method is essentially the same as that con¬ 
tained in Reference 2. A brief general discussion of the dynamic analysis is contained 
in the following paragraphs. 


Equations were derived to calculate dynamic wing loads for a 1-ft/sec gust normal 
to the wing chord plane, yielding a solution which gave unit dynamic loads that varied 
linearly with gust velocity. These loads were dependent upon the gust input shape, air 
density, and the airplane forward velocity, wing angle of attack and weight distribution. 
The shape of the gust input, which was the time-history plot of overpressure during 
and after the passage of the shock front, and the time duration of the positive pressure 
phase varied with weapon yield, slant range, and altitude. For this reason, the unit 
dynamic loads were calculated for eight gust input shapes, three altitudes, three weight 
configurations, and two aircraft Mach numbers to account for the range of conditions to 
be tested. 


To account for the initial wing angle of attack, the maximum density change associa¬ 
ted with the shock wave, and the change in forward velocity of the aircraft because of a 
longitudinal component of the gust velocity, a correction factor (K) was computed by a 
method presented in Reference 3. The product of the K factor and the gust component 
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normal to the wing chord plane (Uez) resulted in an effective gust velocity (KUez), 
which when multiplied by the unit loads for the above parameters, yielded the total 
incremental dynamic gust loads. The total loads on the structure consisted of the 
algebraic sum of the steady-state loads on the structure prior to shock arrival and the 
total incremental dynamic load. 


The wing loads calculated by the dynamic analysis are affected by the aii'craft pitch 
response to the gust input. Since this aircraft response is primarily dependent on the 
horizontal tail loads, these loads were calculated for use in the analysis. Based on the 
recommendation of Reference 2, the horizontal tail was assumed to be 100 percent 
effective, i. e., no downwash because of the gust input. For the wing analysis, the aft 
fuselage and horizontal tail were assumed rigid to simplify computation of the aircraft 
pitch response, since the flexibility of these components was considered to produce a 
negligible effect on the wing loads. However, a separate analysis was conducted to 
calculate the loads on the fuselage and horizontal tail, which included the effect of fuse¬ 
lage and horizontal tail flexibility. 


Time histories of shear, bending moment, and torsion at each selected wing station 
were obtained from this analysis. Since the design-wing-load envelopes for the F-89 
consist of combined loads, i. e. , bending moment versus torsion, and shear versus tor¬ 
sion, the load combinations obtained at a given time were compared with the wing-load 
envelopes to determine their relationship to the design loads. The aircraft position was 
then based on the combined loads rather than individual loads such as bending moment 
alone or torsion alone. 


Side loads on the vertical tail were calculated from the rigid-body sharp-edged gust 
equation of Reference 4, using the side component of the gust velocity. It was assumed 
that the product of the alleviation factor and dynamic-magnification factor was equal to 
one. Dynamic magnification factor is defined as that factor which accounts for the in¬ 
crease in incremental, rigid-body gust response because of the inertial overshoot of the 
responding structural member; alleviation factor accounts for aerodynamic and 
structural damping characteristics associated with the gust induced excitation. Previous 
analysis on other structural components of the F-89 indicated that this assumption was 
generally reasonable or conservative. The analysis conducted for Reference 1 indica¬ 
ted a low-load level on the vertical tail ; therefore, additional refinement of the analysis 
was not warranted. 


1.3.3 Time of Shock Arrival. The time of shock arrival at any given point in space 
was computed by an empirical equation derived from results obtained in Operation 
Redwing: 


tsa = (S/Cave) -0.7W^3 
(1.1) 


Where: S 
Slant range from burst point to any given point in space, t. 


Cave = Average speed of sound between the speed of sound at the burst 
point and the speed of sound at the point in space, ft/sec. 


W = Weapon yield, kt. 


Time of shock arrival for the reflected shock was computed by the same method, 
using the slant range from a mirror image of the burst below the reflecting surface. 
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1.3.4 Triple Point Path. Triple point paths were established from Armed Forces 
Special Weapons Project (AFSWP) experimental data which had been scaled to 1-kt, 
sea-level conditions. The information from the basic curves was rescaled to the perti¬ 
nent yield conditions by modified Sachs scaling. 


The triple point path is produced by detonations creating an initial blast wave and a 
reflected wave. In the case of a nuclear detonation situated near the earth’s surface, 
that part of the initial blast wave moving downward strikes the ground and creates a 
reflected wave which then moves upward and outward following behind the initial shock 
front. However, the reflected shock wave moves faster because it travels through a 
region which is hotter and more dense than the ambient atmosphere because of the 
passage of the initial wave. Under appropriate conditions, the reflected shock over¬ 
takes and merges with the initial shock wave forming a single shock front referred to 
as the Mach stem. The point of merger of the initial and reflected shock waves into 
the Mach stem is called the triple point path and first occurs near the ground. As alti¬ 
tude increases, it forms at further distances measured from the point of detonation to 
the triple point path. 


1.3.5 Nuclear Radiation. Computation of the nuclear radiation dosage was based 
on the methods presented in References 5 and 6. The latter method accounts for radi¬ 
ation emitted by the radioactive cloud and is a function of the slant range between the 
cloud and the aircraft. This was an important consideration when the aircraft was 
approaching ground zero at the time of shock arrival. The total nuclear radiation con¬ 
sisting of the instantaneous dosage at burst time and the dosage accumulated was cal¬ 
culated by numerical integration over the aircraft flight path. The instantaneous dosage 
is the summation of the biological dose from neutrons and the fission-product gamma 
dosage computed from data presented in Reference 6. The biological dose from neu¬ 
trons is given by the equation: 


Neutron Dose 
I0 W f(g/cm2) 
X2 
(1-2) 


Where: ^ = Source strength term, usually called the intercept 


W = Yield in kilotons 


f(g/cm2) = Transmission factor 


X = Slant range in yards from burst point to receiver. 


The intercept, Ij, and transmission factor, f(g/cm2) are both functions of weapon de¬ 
sign. The fission-product gamma dosage is given by the equation: 


Gamma Dose - 


I0 W f(W) f(g/cm2) 
X2 


Where: Ij 


W 


f(W) 


f(g/cm2) 


X 


Intercept value 


Yield in kilotons 


Hydrodynamic scaling factor 


Transmission factor 


Slant range in yards 
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Furthermore, a reduction factor 0.375 was applied to the fission product gamma dos¬ 
age. This factor included a correction of 0.75 for adjustment of data presented in 
Reference 6 and also included a factor of 0.5 to account for radiation attentuation by 
the aircraft structure. 


For each event except Shot John, the maximum nuclear dosage permitted was 5 rem 
with a total of 35 rem for the series. Since this limitation proved to be restrictive 
for Shot John, authorization vas granted to exceed the 5 rem limit but remain within 
the 35 rem total accumulated dosage for the aircrew participating in this event. 


1.3.6 Rise of Radioactive Cloud. Data for cloud rise was obtained from Figures 
27 and 28 of Reference 7 and from Reference 6, respectively. This provided the meth¬ 
od for determining the slant range between the cloud and the aircraft at any time after 
burst. Since the aircraft was positioned to be short of ground zero for several events, 
the cloud rise proved to be an impoi’tant factor in the nuclear radiation limitations 
because of the radiation emitted from the cloud. 


The amount of cloud rise, H, was calculated from the equation: 


AH = 190 W0,2 t0,8 
(1.4) 


Where: AH = Rise of cloud center in feet 


W = Yield in kilotons 


t = Time in seconds 


This relationship was empirically derived from curves of cloud height versus time for 
Operation Teapot during the time interval from 10 seconds to 2 minutes. Within this 
time period the average deviation of the equation from the Operation Teapot data was 


= 10 percent. 


1.3.7 Thermal Radiation. Thermal radiation was computed by the method presented 
in Reference 8. The expression for total thermal energy impinging normal to a horizon¬ 
tal surface may be written: 


in p 
Qrec = Qn |Fv(Tvcos 9 + Tvay) 
FIR (Th 
w cos 0 + Th TwO!Y) 
(1.5) 


Where: Qrec 


Qn 


Fv 


Tv 


9 


T V 
a 


y 


Thermal radiation at the receiver in cal/cm2 


Thermal radiation from the source normal to the receiver in cal/cm2 


Fraction of thermal energy in the visible region 


Fractional transmission due to scattering in the visible range 


Angle between the normal to the burst and the normal to a horizontal 
receiver 


Fractional transmissi n of reflected radiation in the visible region 


Surface albedo 


Ratio of reflected to direct energy in a vacuum 


ie 


SECtu; 


F = Fi’action of thermal energy in the infrared range 


LK 


= Fractional transmission due to scattering in haze layer for entire 
spectrum for direct radiation 


Tw = Fractional transmission due to water vapor absorption in the infrared 
range 


Th = Fractional transmission due to scattering in the haze layer over the 
entire spectrum for reflected radiation. 


T = Fractional transmission in the infrared region due to water vapor 
w 
absorption for reflected radiation 


A = Fraction of total thermal energy released in the fireball. 


The equation for the incident thermal flux was modified for the case of a flat plate nor¬ 
mal to the direct radiation. This neglected any thermal relief due to incidence angle 
and assumed the surface being analyzed to be perpendicular to the line of sight between 
the surface and the fireball. This modification was utilized because the critical compo¬ 
nent was the elevator, and movement of this surface would vary the angle of incidence. 
The skin-temperature rise resulting from the incident thermal flux was evaluated by the 
method presented in Reference 2, which accounts for aerodynamic cooling of the heated 
surface. This computation involves a numerical integration of thermal radiation input 
minus heating loss through the boundary layer where this heat loss is a function of 
airspeed, density, and distance back from the leading edge in the direction of airflow. 
The entire elevator structure was assumed to be at adiabatic wall temperature prior to 
time zero. 


Analysis conducted prior to the test operation indicated that for yields greater than 
20 kt excessive temperatures would be experienced on nonmetallic externa) parts and 
on thin-skinned components. This analysis assumed a dirty aluminum condition with 
an absorptivity of 0.75. To alleviate this problem and permit positioning for the desired 
magnitude of dynamic loads, the non-metallic parts were coated with a highly reflective 
white material (Minnesota Mining and Manufacturing Company’s EC-1561). In addition, 
a white gloss paint was applied to the following thin-skinned components: rudder, engine 
cowl doors; and lower surfaces of the elevators, horizontal stabilizers, ailerons, and 
landing flaps. In order to obtain the desired temperature data to correlate with analysis, 
certain small local areas which contained thermocouple installations were left bare, or 
were painted white or black. In this configuration, the temperature analysis was based 
on an absorptivity of 0.25 for the white gloss paint and 1.0 for the black test panels. 


1.4 SCOPE 


Because of the limited number of tests available during Operation Plumbbob, it was 
not practical to obtain test data over the entire range of conditions used in the F-89J 
Weapons System Capability Study. Therefore, test conditions were selected to provide 
the best possible data for the evaluation of the dynamic wing analysis. Selection of the 
test conditions was made by considering the desired input and the opeiational feasibility 


of obtaining these conditions. 


The initial series of test conditions contained a minimum number of variables affect¬ 
ing the dynamic loads, in order to verify the reliability of test results. The aiiciaft was 
positioned to receive the gust from directly below, head on, or tail on. To minimize 
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changes in aerodynamic data, an aircraft speed range of Mach 0.755 to 0.78 was used 
because the major aerodynamic parameters were essentially constant in this Mach range. 


After reliable data was obtained to evaluate the basic dynamic analysis, the test con¬ 
ditions were changed to include the investigation of structural response at different 
weight configurations and the maximum weapon-delivery speed of the aircraft and the 
structural response due to a side gust impingement. These changes provided the neces- 
ary information to evaluate refinements in the dynamic analysis. 
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Chapter 2 


PROCEDURE 


2.1 OPERATIONS 


After the requirement for participation of the F-89 in Operation Plumbbob had been 
established, Northrop Aircraft, Incorporated (NAI), was contracted to assist the Wright 
Air Development Center (WADC) in planning and conducting the tests. 


Since usable instrumentation had been previously installed for other flight-test oper¬ 
ation, F-89D Serial No. 51-411 was selected as the test vehicle. After minor additions 
had been made to the original instrumentation, the aircraft was calibrated by NAI. 


Upon completion of the calibration, the F-89D was ferried to Edwards Air Force 
Base, California, to begin a flight-test shakedown of all instrumentation. These shake- 
down flights were continued at Indian Springs Air Force Base, Nevada (ISAFB), after 
the F-89D arrived there on 12 April 1957. Approximately 30 practice missions were 
made during this phase to develop air-crew proficiency and to provide an in-flight cal¬ 
ibration of certain instrumentation. 


At the NTS, the calibration, maintenance, and operation of the instrumentation and 
its associated equipment plus the reduction and correlation of data were performed 
by the contractor. The development of positions and positioning methods were accom¬ 
plished jointly by WADC and contractor personnel. The test aircraft was flown and 
maintained during the tests by the WADC Directorate of Flight and All Weather Testing. 


The major operational problems at the test site were verifying the choice of shot 
participations and devising suitable aircraft positions and flight patterns for changing 
conditions during the operation. 


2.1.1 Shot Participation. In making a choice of shot participations, it was neces¬ 
sary to evaluate various positioning factors as related to the limiting criteria set 
forth in Chapter 1 and to select the desired gust loading effect which would best satisfy 
the objectives of this project. The choice of shot participations based on the criteria 
of Reference 1 is presented in Table 2.1. These criteria were established by studies 
such as the one presented in Reference 2. 


For Shots Boltzmann and Franklin, the aircraft was positioned to be directly over 
ground zero at the time of shock arrival. For Shots Wilson, Priscilla, Diablo, Kepler, 
Owens, Shasta, and Smoky, the aircraft was positioned to be approaching ground zero 
at the time of shock arrival. For Shots Hood and Franklin Prime, the aircraft was 
positioned to be tail on to ground zero at time of shock arrival. For Shots Stokes and 
Doppler, the aircraft was positioned to be side on to ground zero at time of shock 
arrival. 


Since Shot John was an actual delivery of the MB-1 weapon, the Project 5.5 F-89D 
was positioned to fly formation with the F-89J delivery aircraft. At time of launch, 
the Project 5.5 aircraft and the delivery' aircraft banked in opposite directions, and 
each performed a typical escape maneuver as determined by the F-89J capability study. 


2.1.2 Aircraft Positioning. After determination of the desired positions for each 
participation, the problem of accurately positioning the aircraft remained to be solved. 
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In addition, a permanent time history of the position was required. Experience in 
Operation Redwing proved that the MSQ-1A Radar in conjunction with the Radar Data 
Recorder was a satisfactory positioning system (Reference 10). Consequently, this 
system was chosen to position the F-89D during Operation Plumbbob. 


The MSQ-1A Radar system positioned the aircraft by the pilot-controller method, 
wherein the flight path was presented on a plotting board and compared with a pre¬ 
plotted track. Necessary corrections were then deternjined by the controller and were 
verbally transmitted to the pilot. The azimuth, elevation, and slant-range information 
were relayed from the radar set to the Radar Data Recorder. After the participation, 
the recorded track was reduced to a plot of the aircraft position against time. 


For each event the test aircraft took off from ISAFB, climbed to its test altitude, 
and entered a racetrack pattern under MSQ control. One basic pattern was used for 
all participations. The racetrack pattern consisted of two 4-minute legs and two 
2-minute turns and was planned so that the final inbound leg began approximately 50 


TABLE 2.1 SHOT PARTICIPATION AND PREDICTED INPUT 


N, Negllble_ 


Shot Aircraft Weight CriUcal Critical 


Configuration* Station t Load! 


Boltzmann 2 
Franklin 2 
Wilson 2 
Priscilla 2 
Hood 2 


Diablo 3 
John 2 
Kepler 2A 
Owens 2A 
Stokes 2A 


Shasta 3 
Doppler 2 
Franklin Prime 3 
Smoky 2 


WS 290 T-BM 


WS 267 V-T 
WS 267 V-T 


WS 267 BM-T 


WS 267 BM-T 


WS 267 BM-T 
WS 50 V-T 
WS 267 BM-T 


WS 267 BM-T 
WS 267 BM-T 


WS 290 V-T 
FS 535 SBM-VBM 
WS 205 T-V 
WS 267 BM-T 


Limit 
Load 


pet 


82 
80 
80 
80 
86 


80 
100 
84 
83 
95 


86 
85 
76 
83 


„ Temperature Nuclear 
Overpressure Riu Ration 


psi F rem 


0.35 20 N 
0.23 N N 
0.44 N N 
0.51 N N 
0.32 100 N 


0.40 N N 
0.38 N 6.18 
0.36 N N 
0.39 N N 
0.60 100 2.40 


0.58 N 4.98 
0.50 32 N 
0.47 40 4.95 
0.38 N N 


* 2: Symmetrical (no fuel in outboard wing or tip tanks); 2A: Unsymmetrical (same as 2 with an MB-1 Weapon mounted on 
the left pylon); 3: Symmetrical (same as 2 with 900 pounds of rockets installed in each tip pod), 
t WS: Wing Station; FS: Fuselage Station. 
t BM: Bending Moment; V: Shear; T: Torsion; SBM: Side Bending Moment; VBM: Vertical Bending Moment. 


nautical miles from the time zero position. This type of pattern, illustrated in Figure 
2.1, was used to establish the precise timing which was required by Project 5.5 through¬ 
out the duration of the test. 


2.2 INSTRUMENTATION 


Instrumentation was installed in the test aircraft to provide flight data necessary to 
substantiate the method of analysis used in the F-89J Weapons System Capability Study. 
This instrumentation included strain-gage installations at several wing, fuselage, and 
horizontal-tail stations for determination of structural loads; extensive accelerometer 
installations in the wing, fuselage, horizontal tail, and vertical tail for correlation of 
structural response; overpressure transducer installations for determination of blast 
and gust correlations with the structural response; and thermocouple installations at 
several locations for thermal response. 


The location on the aircraft of pressure transducers, accelerometers, strain gages, 
and thermocouples is shown in Figure 2.2. Instrument types and characteristics (man- 
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ufacturer’s specifications) are summarized in Table 2.2 and Figures 2.3 through 2.6. 
Detailed information is presented in Reference 11. 


2.2.1 Recording Equipment. A central recording system was installed in the nose 
section of the aircraft instead of the fuel tank and fire-control radar system. The 
primary test data was recorded on three oscillographs which had a total recording 
capacity of 90 data channels. Test information of a supplementary nature was recorded 
by photographing a 24-instrument photopanel with a 35-mm camera. Correlation be¬ 
tween recording devices was obtained with an electrical pulse from an intervalometer 
which actuated a counter on the 35-mm camera and a galvanometer in each oscillograph. 


Figure 2.1 Typical MSQ flight pattern for the F-89D. One complete 
12-minute pattern was required to position the aircraft. 


The time-zero position was recorded on the oscillograph recordings as that point 
where the radiometer trace first deviated from the ambient during the thermal phase. 


2.2.2 Gust Input. Fourteen pressure transducers were installed in the tip pod, 
fuselage, and vertical tail of the test aircraft to measure the magnitude of the over¬ 
pressure associated with the passage of the shock wave. Each transducer measured 
the differential pressure between the static orifice and a container vented to ambient 
pressure through a line which contained a solenoid-actuated valve. The solenoid valve 
was actuated just prior to time zero in order to capture a sample of ambient pressure 
in the container which served as a reference pressure for comparison with the gust 
overpressure. 


The transducers were located in a manner to enable determination of shock-front 
direction and velocity. In addition, free-stream vane indicators were installed on a 
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Figure 2.2 The location of pressure transducers, 
accelerometers, strain gages, and thermocouples 
on the test aircraft. 


boom ahead of the aircraft. These indicators were used to evaluate the gust inputs 
by sensing changes in angle of attack and sideslip. 


2.2.3 Gust Response. Twenty-six linear accelerometers sensed the dynamic re¬ 
sponse of the aircraft as it was subjected to overpressure and gust inputs: 22 at loca¬ 
tions in the tip pod, wing, fuselage, and horizontal stabilizer to measure accelerations 
normal to the aircraft flight path; 3 in the fuselage and vertical stabilizer to sense lat¬ 
eral acceleration; and 1 in the fuselage to measure longitudinal acceleration. In addi¬ 
tion, during those tests in which a dummy MB-1 weapon was attached to the left-hand 


TABU LI MANUrACTURER'S INSTRUMENT SPECIFICATIONS 


GALVANOMETERS: 


Mato 
Modal 


Undamped Natural Frequency, cpa 
Flat *6 pot) Frequency Ranp, ope 
External Damping Real stance, ohms 
SenslU^ty at 11.5-lnch Optical Arm: 
UotLinped dc, pa/in 
System voltage sensitivity, mv/in 


LINEAR ACCELEROMETERS: 


Make 
Model 


Acceleration Range, g 
Rated input Voltage (ac-dc), volts 
Output Voltage, Full Scale, mv 
Temperature Limits, degrees Fahrenheit 
Natural Frequency, cpa 


ANGULAR ACCELEROMETERS: 


Make 
Model 


Acceleration Range, radians/aec1 
Rated Input Voltage (ac-dc), volts 
Output Voltage, Full Scale, mv 
Temperature Limita, degrees Fahrenheit 
Natural Frequency, cps 


RATE GYRO: 


CIC CEC 
7-315 7-111 


109 ISO 
0-00 0-90 
350 ISO 


12.2 30.5 
4.57 6.29 


Statham Statham 
C-2.5-120 C-5-120 


*2.5 


11 
20 
-40 to + 200 
50 


*5 


11 
23 
-40 to ♦ 200 


75 


Statham Statham Statham 
C-10-120 C-J5-120 C-20-120 


*10 *15 *20 


11 11 11 
24 25 25 
-40 to ♦ 200 - 40 to ♦ 200 - 40 to ♦ 200 
110 160 160 


Statham 
C-25-120 


*25 


11 
24 
-40 to ♦ 200 
200 


Wianeto Wianoto 
A2-1002 A-1002 


*3 *6 
20 20 
192 192 
Temp Comp Temp Comp 
56 56 


Statham Statham Statham 
AA-1.5-300 AA-3-300 AA-S-300 


1.5 3 5 
10 10 10 
20 20 20 
-40 to+ 200 - 40 to+ 200 -40 to + 200 
4 7 10 


Make Doelcam 
Model K-75 


Range, degreee/sec *30 
Full Scale Oitput, volts 1.04 
Sensitivity, volts/degree-sec 0.035 
Damping Ratio 0.63 
Undamped Natural Frequency, cps 27 


ATTITUDE GYRO: 


Make Kearfott 
Model T2105 


Repeatability to Established Vertical 
Free Drift Rate in 5 min of Time: 


At Room Temperature, degrees maximum 
At-54C and +71C, degrees maximum 
Erection Rate: 


At Room Temperature, degrees minimum 
AI-54C and +71C, degrees minimum 
Temperature Limits, C 


To within a cone nf half angle equal to 5 minutes of arc 


2 
2% 


5* 1 
5*3 
-54 to+ 71 


PRESSURE TRANSDUCERS: 


Make 
Model 


Northern Statham Wiancko * 
DP-7 P96-5D-120 P2-1101 


Pressure Range, psi 
Full Scale Sensitivity, mv 
Excitation, volts 


*5 
40/volt 
10 


*5 
approx 25 
6 


*5 
180/volt 
10 


* Integral heater installed. 


launcher, linear accelerometers were installed on the launcher rail to sense normal 
and longitudinal accelerations. All linear accelerometers except those in the wing and 
tip pods were filtered. For frequency-response characteristics of filtered accelerom¬ 
eters, refer to Figure 2.6. 


Three angular accelerometers were installed to measure pitch, roll, and yaw ac¬ 
celerations about the aircraft center of gravity. Rate and attitude gyros were installed 
to sense the aircraft attitude changes. 


23 


SECRET 


24 


SECRET 


Northam DP- 


(|ndu|/tnd|no)- ,0v 


I8 


- 8 


- § 


o 


(0 
O 


Li 
0) 
-*-> 
U 
«) 
(h 
B) 
£ 
U . 
a; “ 
to u 
c c 
0 9 
a, cd 
M x: 
0) Ü 


O V 
£ I 
cd ß 
c p 
•S’ « 


— o 
S g 


'1; rt 


CD O 
• *-> 


(N ^ 


O ^ 
ÎH ^ 


•-H <*H 


0 


saaj&aQ1 d|buv 6o“| 
(indu|/indino) 4°\/ 


s 


o 
- ♦ 


o 
(Vi 


0) 
«3 
O’ 
a> 


8 £ 


o 
(Vi 


faß 
c 


00 c 


w 


<1) 


D 
CO 
w 
o 
Sm . 
a ^ 
u 
o > 
O T3 
4h 2 
0 S 
(ß u 
V h 


w O 
• *H M 


D 


(1) W 


w 
o 


a 
-C 
4-> 
{-i 
o 


CX 2 
w 
^ I 
^ £ 
s ° 
•H PQ 
è “ 
H § 
z 


w 


m 


(N 
“ £ 
£ o 
bfi m 


25 


SECRET 


In order to measure the flight loads imposed on the primary structure by the gust 
inputs, strain-gage bridges were installed as follows: at Right-Wing Stations 50.0, 
165.0, 205.0, 267.0, and 290.0 and Left-Wing Station 50.0, as shown in Figure 2.7; at 
Fuselage Stations 435.0, 480.0 and 535.0 as shown in Figure 2.8; and at Right-Stabilizer 
Station 13.5 as shown in Figure 2.9. 


An N-9 camera was installed to obtain wing deflections; however, the data recorded 
was not satisfactory for correlation with strain gage data. 


2.2.4 Thermal Input. The thermal energy received by the aircraft was measured 
with instrumentation furnished by the U. S. Naval Radiological Defense Laboratory 
(NRDL). 


Two calorimeter, one radiometer, and two N-9 cameras were packaged together in 
an adjustable assembly. Prior to each event, this assembly was installed in either the 


aircraft tail-cone fairing or in the forward section of either wing tip pod, depending 
upon the expected position of the aircraft relative to ground zero. The camera records 
were used to determine the actual orientation of the calorimeters and radiometers with 
respect to the point of detonation. 


Two calorimeters were installed in the crew compartment to measure the scattered 
radiant exposure that entered the cockpit, and two calorimeters were installed in the 
tail cone to measure the scattered radiant exposure from below the aircraft normal to 
the flight path. 


2.2.5 Thermal Response. Thirteen washer-type, copper-constantan thermocouples 
were installed on critical areas of the rudder, both elevators, right aileron, both wings, 
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□ Vertical Bending 
A Horizontal Bending 
O Torsion 


W.L. 100 


Figure 2.8 Fuselage strain-gage locations. 


Figure 2.9 Right stabilizer strain-gage locations. 
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fuselage, and radome surface. All thermocouples were referenced to an ice bath at 


32 F. 


2.2.6 Flight Parameters. A sensitive airspeed and altitude system was installed 
with the pressure source located on a boom 8 feet forward of the nose section. Supple¬ 
mentary information such as ambient temperature, compass heading, engine speed, 
exhaust-gas temperature, and time were measured with standard flight-test instruments 
and were recorded on the photo panel. The angular positions of the F-89D control sur¬ 
faces were measured with strain-gage, bending-beam instrumentation. 


2.2.7 Positioning Equipment. An APW-11A transponder unit and associated equip- 
ment were installed for use with the MSQ-1A radar. 


2.3 CALIBRATION 


The primary calibration procedures used for Project 5.5 are listed in this section. 
Detailed information on the calibration techniques used for all aircraft instrumentation 
is listed in Reference 11. 


2.3.1 Pressure Transducers. Static calibrations were conducted on each transducer 
before and after its installation in the aircraft, and at frequent intervals during the test 
program. The initial calibration was conducted to verify the linear response of the 
instrumentation. Subsequent calibrations consisted of checks of the transducer output. 
These were conducted by applying known pressures in increments throughout the range 
of the instrument while the transducer output was being recorded in the test recording 
system. A frequency-response analysis of the pressure system was conducted by ap¬ 
plying a step pressure increment at the static orifice. The system frequency response 
was then calculated from the oscillograph record by using a Fourier integral method 
(Reference 12). 


2.3.2 Accelerometers and Gyros. The accelerometers were calibrated in the lab- 
oratory before being installed in the aircraft. This calibration consisted of a complete 
linearity check through the range of the instrument. A centrifuge was used to supply 
the required accelerations needed for this test. 


Prior to and at frequent intervals during the test program, a calibration of each 
transducer was conducted. For this test a pendulum and a tilt table were used to estab¬ 
lish ±5.0-g, ±1.0-g, and 0.0-g forces while the transducer output was being recorded 


on the test recording system. 


The calibration procedures for the rate and attitude gyros was similar to those used 
for the accelerometers. Prior to installation of the instrument, a laboratory calibra¬ 
tion was conducted to verify the linearity of each response. The rate gyros were then 
calibrated by mounting them on a precision rate table and recording the instrument 
response for various table speeds. The attitude gyros were calibrated by mounting 
them on a tilt table and recording the instrument output through the test recording sys¬ 
tem for various angular positions of the table. 


2.3.3 Strain Gage Bridges. The strain gage bridges were calibrated by applying 
known loads at points on the instrumented structure (Reference 13). The individual 
bridge response to these loads was recorded. Those bridges having complementary 
characteristics were mathematically combined into an equation which could be used to 
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compute bending moment, shear, and torsion as a linear function of the combined bridge 
response, regardless of the point of load application. At frequent intervals during the 
program, check calibrations were conducted to reveal any changes in gage sensitivity. 


2.3.4 Thermocouples. The thermocouples were calibrated by applying incremental 
mv inputs through the thermocouple and recording the instrument output on the test 
recording system. 


2.3.5 Calorimeters and Radiometers. The basic instrument calibrations were pro¬ 
vided by NRDL. Prior to each test, mv/in calibrations were conducted using an accu¬ 
rate mv source. 


2.3.6 Supplementary Instrumentation. The instruments installed in the photo panel 
were calibrated using standard flight test procedures. No calibration of the airspeed 
system was necessary, since the position errors for this system had been well estab¬ 
lished on previous test programs. The control-surface position indicators were cali¬ 
brated by moving the control surfaces through the range of use and recording the out¬ 
put of the instrument on the aircraft recording system. 
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Chapter 3 


RESULTS and DISCUSSION 


The data obtained from the participation of the F-89D in Operation Plumbbob represents 
the primary results of Project 5.5. The complete data, in the form of motion-picture 
film and time history plots, are presented in Reference 14. Final results in the form 
of peak readings are presented here to fulfill the requirements of this report. 


General flight data, meteorological data, and peak readings of principal input and 
response measurements are presented in Tables 3.1 through 3.8. All predicted input 
and response values shown in the tables are based on the actual test aircraft position, 
final postshot yield, and unit-response data derived from the test results. Sample 
time histories of representative inputs and responses are shown in Figures 3.1 through 
3.3. The method of reading peak load and corresponding torsion from the time histories 
is presented in Figure 3.1. The allowable wing-load envelopes used to determine the 
critical nature of these load combinations are shown in Figures 3.4 and 3.5 with a 
sample series of predicted and recommended loads plotted on the figures. General 
observations for each event are presented in the succeeding paragraphs. 


3.1 SHOT BOLTZMANN 


The aircraft was positioned to obtain 82 percent of design-limit load in the wing tip 
area, based on analytical dynamic loads. The desired position was at an altitude of 
20,000 feet and directly over ground zero, providing a gust (dynamic-pressure wave) 
impingement angle of 90 degrees. Because of the normal impingement angle, both gust 
loads and diffractive loads were included in determining the percent of design limit 
load. The symmetrical weight configuration (2) as described in Table 2.1 was used 
for this test with a desired aircraft speed of Mach 0.775. 


All aircraft instrumentation functioned properly. However, there was a delay in 
the timing signal transmitted to the positioning controller resulting in an aircraft posi¬ 
tion slightly short of ground zero at shock arrival time. The aircraft was subjected 
to two shock waves because of the position inside the triple point path. 


The recorded wing loads showed considerable disagreement with the analytical loads, 
using preshot prediction methods, and postshot position and weapon effects. The 
critical analytical-load combination occurred at Wing Station 290; however, the critical 
measured value occurred at Wing Station 267 and consisted of peak positive bending 
moment with a small corresponding negative torsion. This measured load combination 
was equal to 84 percent of design limit load, while the magnitude of the predicted load 
combination at Wing Station 267 was only 43 percent. Thus, not only did the critical 
station differ from anticipated, but the measured load at Wing Station 267 was 41 per¬ 
cent more critical than predicted. All the measured bending moments and shear loads 
spanwise of the wing were of higher magnitude than had been predicted. A comparison 
of analytical and measured peak combination loads at each instrumented wing station 
is presented in Table 3.9. 


A further complication developed about an adjustment factor that had been applied 
to the calibration constants in the equation derived to obtain the shear load at Wing 
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TABLE 3.3 AIKCRAFT POSITION AT SHOCK ARRIVAL 
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Ambient temperature recorded by the aircraft. 


* 


TABLE 3.5 THERMAL AND NUCLEAR INPUTS 


N: negligible___ 


Nuclear Radiation 


Total Radiant 


Shot Exposure, Direct 


Predicted* Measured 


Peak 


Irradiance 
Measured 


Time of Peak 
Irradiance 
Measured 


Received Received 
Predicted • Pilot Observer 
Cockpit Cockpit 
Location Location 


Boltzmann 
Franklin 
Wilson 
Priscilla 
Hood 


Diablo 
John 
Kepler 
Owens 
Stokes 


Shasta 
Doppler 
Franklin Prime 
Smoky 


cal/cm2 


1.21 


N 
N 
6.161 


N 
N 
N 
N 


5.23 


N 


2.24 
2.841 
N 


cal/cm2 (cal)/cm2/sec sec 


1.081 2.10 0.16 


Recorded Data Too Low For Accuracy 


0.20 
0.71 
6.00t 


0.25 
0.36 
0.05 
0.27 
5.35 t 


0.27 
1.961 
2.861 
0.37 


0.60 
1.47 
6.82 


0.53 
3.92 


0 
0.85 
11.19 


0.56 
6.47 
10.57 
0.52 


0.13 
0.23 
0.26 


0.22 
0.06 


0.10 
0.16 


0.20 
0.13 
0.09 
0.24 


rem 


N 


N 
N 
N 


N 
3.74 


N 
N 
1.39 


3.44 


N 
3.70 


N 


rem 


0 


0 
0 
0 


0 
3.55 
0 
0 
0.855 


1.16 
0.10 
2.44 


0 


rem 


0.020 


0 
0 
0.055 


0 
2.44 


0 


0 
0.850 


1.16 
0.10 
2.05 
0 


•Predictions based on Final positions and yields, Table 1.1. 
t Measured nortnal to direct rays, 
t Measured parallel to ground. 


TABLE 3.6 OVERPRESSURE INPUTS 


Shot 


Shock Arrival Time, 
First Shock Wave 


Overpressure, 
First Shock Wave 


Shock Arrival Time, 
Second Shock Wave 


Overpressure, 
Second Shock Wave 


Predicted* Measured Predicted* Measured Predicted* Measured Predicted* Measured 


Boltzmann 
Franklin 
Wilson 
Priscilla 
Hood 


Diablo 
John 
Kepler 
Owens 
Stokes 


Shasta 
Doppler 
Franklin Prime 
Smoky 


sec 


12.84 


18.83 
18.78 
25.02 


18.37 
5.50 
18.21 
17.23 
10.35 


12.93 
10.79 
8.92 
25.53 


sec 


12.95 


18.96 
18.72 
26.03 


18.33 
5.64 
18.23 
17.00 
10.73 


12.81 
10.83 
9.00 
25.12 


psi 
psi 


0.306 0.321 13.89 
Recorded Data Too Low for Accuracy 
0.267 
0.457 
0.252 


0.332 
0.398 
0.273 
0.295 
0.528 


0.519 
0.423 
0.380 
0.313 


0.276 
0.464 
0.224 


0.328 
0.357 
0.274 
0.287 
0.497 


0.511 
0.404 
0.334 
0.298 


28.51 


14.86 


28.72 


psi 


0.276 


0.217 


psi 


0.246 


0.080 


13.60 


12.85 
10.61 


14.07 


12.87 
11.07 


0.386 


0.345 
0.307 


0.409 


0.232 
0.249 


’ Predictions based on final positions and yields, Table 1.1. 
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TABLE 3.7 GUST RESPONSE, CRITICAL STATION 
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* Data derived from official meteorological reports. 


Station 267. The initial response was to assume the combination of shear and torsion 
at this station had exceeded design limit load, but further investigation revealed that 
the adjustment factor was valid only for low steady state loads. Until the investigation 
on the validity of this shear load was completed, after Shot Wilson and prior to Shot 
Priscilla, the shear and torsion combination at Wing Station 267 was the controlling 
factor for positioning. 


The results of the Shot Boltzmann participation indicated that the analytical loads 
were unconservative and therefore were not safe for use in positioning. It was decided 
that empirical use of available test results would be applied for future positioning. To 
utilize the test loads they were reduced to unit values similar to the analytical unit 
loads. The aircraft position at shock arrival and the overpressure associated with the 
shock wave were obtained from the recorded data, then the gust impingement angle, 
total gust velocity, and effective gust velocity (KUez) were computed by the methods 
defined in Chapter I. Unit test loads were then determined by dividing the maximum 
recorded incremental dynamic load by the effective gust velocity. After each participa¬ 
tion, a review of all available test results was made to assure the reliability of each 
test point. 


Although the measured wing loads did not agree with the analytical loads, the test 
time histories of shear and bending moment resembled the analytical time histories in 
shape. The discrepancy between measured loads and analytical loads was primarily 
in the magnitude. Recorded time histories of the wing torsion differed in magnitude 
and shape with the analytical magnitudes equal to or less than the measured values. 


The horizontal tail and aft fuselage recorded loads were considerably less critical 
than the wing loads but differed from the analytical data in magnitude and shape, inci¬ 
dent thermal energy recorded was lower than predicted, resulting in no significant 
temperature rise on the aircraft. The nuclear radiation dosage received by the air 
crew was negligible. 


3.2 SHOT FRANKLIN 


A position for Shot Franklin had been determined prior to the first participation 
based on analytical dynamic loads. The aircraft speed, weight configuration, and 
orientation were the same as those for Shot Boltzmann with a desired flight altitude of 


15,000 feet. 


The initial review of the results obtained in the Shot Boltzmann participation indi¬ 
cated that the existing Shot Franklin position was unsafe and could not be utilized. 
Using the unit test loads, based on the Boltzmann data, a new test altitude was deter¬ 
mined to yield a predicted 80 percent design limit load. The Aircraft Mach number, 
weight configuration and orientation remained the same. Controlling load for this posi¬ 
tion was the positive shear-torsion combination, containing the adjustment factor, at 
Wing Station 267. To account for changes in altitude, the test loads were adjusted by 
the ratio of ambient air density and the speed of sound at the respective altitudes, in 
keeping with the trend displayed by the analytical loads. 


All instrumentation functioned properly and the aircraft was in its planned position 
at both burst time and time of shock arrival. Because of the low yield of the device, 
the general response data obtained was too low to give reliable results. Incident ther¬ 
mal energy and nuclear radiation dosage were negligible. 


3.3 SHOT WILSON 


After the Shot Franklin participation, a thorough analysis of the Shot Boltzmann 
results was conducted. It was observed that the damping rate of the wing loads was 
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Figure 3.1 Critical load time histories for Wing Station 50. The data was 
obtained on Shot John. 
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Figure 3.2 Typical overpressure-time histories, Shot John, Fuselage Station 94. 
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Figure 3.3 Typical vertical accelerometer time histories, Shot Shasta. 
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Figure 3.4 Allowable wing load envelopes for bending moment versus 
torsion, with Shot John loads plotted. 


Scolt: Shtoi in Thoutondt of Pound! 


Figure 3.5 Allowable wing load envelopes for shear versus torsion, with 
Shot John loads plotted. 
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much lower than had been anticipated and for this reason all future positions inside the 
triple point path were investigated to assure sufficient damping of wing loads prior to 
contact with the reflected shock wave. Since the time interval between shock waves 
for the Shot Wilson event would not allow sufficient damping of the structural dynamic 
loads, a position outside the triple point path was selected. 


For this participation, an aircraft speed of Mach 0.765 and an altitude of 17,000 feet 
were desired, using the same weight configuration utilized in the previous tests. An 
aircraft position outside the triple point path was determined to yield an 80 percent of 
design limit load in the wing tip area. 


The horizontal range required to stay outside of the triple point path of the expected 
yield resulted in a gust-impingement angle less than 45 degrees to the wing chord plane. 
With this impingement angle, it was decided that diffractive loading would not be signif¬ 
icant and therefore the structural response due to gust only was considered. The unit 


TABLE 3.9 PEAK WING LOADS, SHOT BOLTZMANN 


Wing 
Station 


Predicted Peak Loads ♦ Measured Peak Loads 


Load Percent Load Percent 


Combination t Limit Load Combination t Limit Load 


50 


205 


267 


290 


pet 


V-T 51 
T-BM 68 


BM-T 43 


V-T 46 


BM-T 43 


T-BM 61 


V-T 48 
T-V 52 


pet 


V-T 69 
T-M 56 


BM-T 64 


V-T 57 


BM-T 84 


T-M 20 


V-T 81 
T-V 16 


* Predicted loads based on final aircraft position and final yields; 
no diffractive loading, and preshot prediction methods. 


t BM: Bending Moment; V: Shear; T: Torque. Peak load shown 
first. 


test loads for Shot Boltzmann were reduced approximately 15 percent to account for 
diffractive loading, then used to position the air«, -aft with the positive shear-torsion 
combination (containing the adjustment factor) at Wing Station 267 controlling the posi¬ 
tion. The unit loads were also adjusted for the altitude change by the method described 
for Shot Franklin. 


The validity of the recorded shear at Wing Station 267 was still being investigated, 
since no definite conclusions had been reached. However, because of the questionable 
aspect of this measurement, it was decided to record the shear bridges at Wing Station 
267 separately in this and all future participations to permit the use of separate record¬ 
ed values in a new load equation, if warranted. 


All instrumentation functioned properly in this participation, but the aircraft was 
approximately 5 seconds late in arriving at the intended position. The discrepancy in 
the aircraft position and the disparity between the positioning yield and actual yield 
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resulted in a low load level on the structure. Despite the low load level, sufficient 
data was obtained to substantiate the Shot Boltzmann results. Measured incident ther¬ 
mal energy and nuclear radiation dosage was negligible. 


3.4 SHOT PRISCILLA 


Positioning criteria used for Shot Priscilla were the same as those used for Shot 
Wilson. The critical load combination controlling the position was the peak positive 
bending moment and corresponding torque at Wing Station 267. In this participation, 
the desired flight conditions required use of Weight Configuration 2 and an aircraft 
speed of Mach 0.775. An examination of the time between the incident and reflected 
shock waves resulted in a position outside the triple point path at an altitude near that 
used for Shot Wilson. This was a desired position that would yield data to confirm the 
Shot Wilson results. 


Prior to positioning for this event the results of the investigation of the peak positive 
shear recorded at Wing Station 267 during the Shot Boltzmann participation were review¬ 
ed. A spanwise distribution plot of the shear (Figure 3.6), at the time of peak shear 


A Recorded at Test Site with 
Adjustrr ant Factors 


at Wing Station 267, appeared unreasonable and could not be justified. The investigation 
revealed that the load equations used had been developed for steady state loading dis¬ 
tributions and a large adjustment factor was incorporated into the constants of the shear 
equation at Wing Station 267 to account for the effect of high inboard loads. Because of 
the structural design of the wing, the strain-gages at Wing Station 267 responded to 
loads applied to the inboard sections in a direction that reduced the response from loads 
applied outboard of the station. To compensate for the reduction in gage response, an 
adjustment factor was applied to the shear equation to increase the strain gage reading 
by 75 percent. The investigation also revealed that the shear equation at Wing Station 
290 included an adjustment factor similar to that used for Wing Station 267 except that 
it reduced the reading by 24 percent. 
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To evaluate the existing load equations a spanwise distribution of shear similar to 
that recorded during the Shot Boltzmann participation was established. This distribu¬ 
tion was faired through the recorded values at Wing Station 267 and Wing Station 290, 
eliminating the adjustment factors of .75 and .24 included in the equations, as illus¬ 
trated in Figure 3.6. The distribution was applied to the load equations with the adjust¬ 
ment factors removed from the shear equations, resulting in shear values which com¬ 
pared favorably with the sample distribution. Based on the results of this examination, 
it v/as concluded that the adjustment factors used were unreasonable for the dynamic 
load distributions encountered and, therefore, were discarded for measurements of 
loads in all future participations. 


Since there was some doubt as to the reliability of the instrumentation at the outboard 
wing stations, the combined bridges which formed the bending moment equation at Wing 
Station 267 and shear equation at Wing Station 290 were separated to record individually 
after Shot Wilson. The shear bridges at Wing Station 267 had previously been separated 
prior to the Shot Wilson event. This was done in anticipation of a post-test calibration 
for re-evaluation of the load equations. 


Because of the discrepancy between the wing loads recorded in the tests and the ana¬ 
lytical values, accelerometers were added to several wing locations to provide addition¬ 
al response data to be used for evaluating and correcting the existing dynamic analysis 
(Reference 3). 


All instrumentation functioned properly except one overpressure gage and one shear 
bridge. One overpressure trace on the left side of the fuselage and a portion of one 
shear trace at Wing Station 290 did not record. The aircraft was close to the desired 
position yielding response data of higher magnitude than obtained in Shot Wilson. The 
recorded loads data agreed reasonably well with the predicted loads, confirming the 
results of the Shot Boltzmann and Shot Wilson participations. Measured incident ther¬ 
mal energy and nuclear radiation dosage were negligible. 


3.5 SHOT HOOD 


The altitude variation between the earlier tests was relatively small; consequently, 
no firm altitude trend could be obtained. Shot Hood was utilized to determine the effect 
of altitude on the load response of Weight Configuration 2. The desired aircraft speed 
was Mach 0.755 for a position yielding 80 percent design limit load. 


An analysis was conducted to evaluate the time between the incident and reflected 
shock wave for a position inside the triple point path, which indicated that the time be¬ 
tween the shocks allowed sufficient damping of the dynamic loads from the first shock 
wave before the aircraft made contact with the second shock wave. Therefore, the 
desired aircraft position at shock arrival was inside the triple point path at 26,000 feet 
altitude, tail to ground zero to obtain maximum time between the shock waves. 


A study of the time history of the recorded response obtained prior to this event was 
made to evaluate the effect of diffraction. The recorded time histories agreed closely 
with the analytical gust (no diffraction) time histories with respect to shape and frequen¬ 
cy response. Therefore, from this event on, it was assumed that diffractive loading 
was either insignificant or did not exist. 


Prior to the test it was discovered that the resistance to ground was decreasing for 
one of the bending moment bridges at Wing Station 165. The strain-gage bridges com¬ 
bined to form the bending moment trace at this station were separated and recorded in¬ 
dividually to provide data that could be used in a new load equation if complete failure 
occurred in the one system. 


41 


SECRET 


All instrumentation functioned properly in this event and the test aircraft was in its 
planned position at shock arrival. Because of the disparity between positioning yield 
and actual yield, the wing load level was approximately 50 percent of allowable limit 
load, but the desired altitude effects were obtained. The incident thermal energy record¬ 
ed was lower than predicted, yet it was the highest recorded value of the test operation. 
The temperature rise recorded (87 F) was also the highest of the test operation but still 
too low to produce any significant thermal-stress problem. 


3.6 SHOT DIABLO 


The four successful participations prior to this event were all at a constant aircraft 
weight configuration and within the desired Mach number range providing data to eval¬ 
uate the basic dynamic analysis. Consequently, it was decided to change the aircraft 
weight configuration for this event to evaluate the effect of the configuration change on 
the dynamic response. Symmetrical Weight Configuration 3, as described in Table 2.1, 
was used in this participation. Analysis indicated that the change in mass distribution, 
due to rockets installed in the tip-pod forward of the elastic axis, affected both the 
bending and twisting response of the wing. 


The desired flight altitude was 19,000 feet with an aircraft speed of Mach 0.755. 


Since the time between the shock waves inside the triple point path was not sufficient 
to assure safe positioning, the aircraft was positioned outside the triple point path to 
be short of ground zero at shock arrival time. The analytical dynamic loads for this 
configuration in conjunction with the results obtained from the previous tests for Weight 
Configuration 2 were used to position for 80 percent of design limit load. The critical 
load consisted of peak bending moment and peak torsion at Wing Station 267, predicted 


to occur in phase. 


One of the strain-gage bridges recording torque at Wing Station 267 failed 0.20 sec¬ 
ond after shock arrival, the trace of one thermocouple located in the radome was errat¬ 
ic, and the speed of one oscillograph roll was irregular. With these exceptions, all 
other instrumentation functioned properly and the aircraft was in the desired position 
at shock arrival. The above malfunctions were corrected prior to the next participation. 


Because of the difference in positioning and actual weapon yield and a shift in the 
phasing of the peak moment and torque loads, the recorded load level was approximately 
50 percent of the allowable limit load. The recorded peak loads were in agreement 
with the predicted loads (adjusted analytical values), and were considered adequate to 
produce reliable results. Measured incident thermal energy and nuclear radiation were 
negligible. 


3.7 SHOT JOHN 


This event consisted of air launching an operational MB-1 weapon from an F-89J 
aircraft, with the Project 5.5 F-89D flying formation. 


The desired flight conditions for the F-89D in this event were an aircraft speed of 
Mach 0.76 with Weight Configuration 2 at an altitude of 18,500 feet. An additional flight 
condition was imposed which required the pilot to perform a steady-state 2.2-g turn 
typical escape maneuver, immediately following launching of the MB-1 weapon. The 
turn was to be maintained until shock arrival, with tolerances of ± 0.2 g. 


The aircraft was positioned to obtain 90 percent of design limit load for the nominal 
flight conditions and 100 percent of design limit load when positive tolerances were 
added. Variations in aircraft performance, pilot reaction time, and aircraft load fàc- 
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tors were analyzed to establish reasonable tolerances that would affect the aircraft posi¬ 
tion at shock arrival. Aircraft performance and pilot reaction time were obtained from 
data presented in Reference 1 and radar tracking plots recorded on practice missions 
conducted prior to this event. Rocket-performance test data was also studied to deter¬ 
mine realistic tolerance for the analysis. 


Precise flight conditions and analysis were required in this event to accomplish the 
dual purpose of verifying the predicted structural response of the maneuvering aircraft 
and the predicted nuclear radiation exposure to the air crew. To satisfy both purposes, 
the test altitude and the rocket time of flight had to be mutually compatible. This was 


TABLE 3.10 AIRCRAFT AND ROCKET FLIGHT CONDITIONS, 


SHOT JOHN 


Condition 
Desired Measured 


AIRCRAFT 


Roll-in Time, sec 2.5 1.5 
Effective Load Factor, g’s 2.2 2.25 
Angle of Attack, deg 2.2 2.2 
Bank Angle, deg 63 57 


At Burst Time: 


Degrees of Turn, deg 9 14.0 / 
Pressure Altitude, ft 18,500 18,540 
True Airspeed, ft/sec 808 810 
Mach Number 0.76 0.759 
Height Above Burst, ft -70 300 
Horizontal Range, ft 10,740 -11,000 
Offset, ft 130 +300 
Slant Range, ft 10,740 11,010 


At Shock Arrival Time: 


Degrees of Turn, deg 34 41.0 
Launch to Shock Arrival Time, sec 10.45 9.96 
Pressure Altitude, ft 18,500 18,560 
True Airspeed, ft/sec 812 801 
Mach Number 0.76 0.750 
Height Above Burst, ft - 70 + 320 
Horizontal Range, ft 6,680 -6,240 
Offset, ft 1,750 +2,570 
Slant Range, ft 6,900 6,760 
Gust Impingement Angle, deg 48 62 


ROCKET 


Horizontal Travel, ft 14,300 13,920 
Vertical Drop, ft 500 290 
Time of Flight, sec 4.5 4.465 
J 


» 


attained by using a pressure altitude of 18,500 feet for launching of the MB-1 weapon and 
a 4.5 second rocket time of flight. 


Since the temperature rise on previous participations was insignificant, the remain¬ 
ing thermocouples were disconnected and the recording channels made available were 
utilized for recording additional gust response data in this and all later events. 


The aircraft trajectory recorded during the test participation agreed closely with 
the predicted trajectory used for the pretest analysis, as shown in Table 3.10. The 
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measured wing loads correlated well with the predicted wing loads, as shown in Table 
3.11. Figures 3.4 and 3.5 present the comparison of measured total loads with the allow¬ 
able load envelopes. All instrumentation functioned properly. Measured incident ther¬ 
mal energy was negligible, but the measured radiation dosage was the highest record¬ 
ed in any one participation during the test operation. 


Shot John provided an opportunity to determine whether incremental dynamic loads 
are affected by the magnitude of the maneuvering loads existing on the structure at 
shock arrival. The predicted loads for this event, presented in Table 3.11, were based 
on the unit incremental test loads obtained from level-flight conditions. Since the meas¬ 
ured loads agreed with the predicted loads by 6 percent or less at the majority of the 
stations, it was concluded that the incremental dynamic loads were not affected by the 
maneuvering loads. 


3.8 SHOT KEPLER 


Advance planning for both Shot Owens and Shot Kepler included examination of the 
unsymmetrical weight configuration which also limited the delivery capabilities of the 
F-89J. The difference between the symmetrical (2) and unsymmetrical (2A) weight 
configurations is an MB-1 weapon mounted on one wing. The dynamic analysis conduct¬ 
ed for Reference 3 indicated this weight configuration produced higher wing loads than 
Weight Configuration 2. Therefore, evaluation of the true loads experienced by the air¬ 
craft in this configuration was quite important. 


The aircraft position was established to obtain a critical structural load level of 84 
percent at an altitude of 17,500 feet. The desired aircraft speed for this participation 
remained at Mach 0.755 to minimize the variables affecting the dynamic response. Time 
between shock waves inside the triple point path was not sufficient to assure safe posi¬ 
tioning in this area. Therefore, the aircraft was positioned outside the triple point 
path to be short of ground zero at shock arrival time. The incremental dynamic loads 
for the desired position were determined from unit loads derived from previous tests 
and modified by the ratio of analytical dynamic loads for Weight Configurations 2 and 2A. 


One calorimeter which was directed toward ground zero was inoperative in this event 
and was replaced prior to the next participation. All other instrumentation functioned 
properly, and the aircraft was in its planned position at shock arrival. The critical 
wing-load level measured during this test was low in magnitude because of a discrepancy 
in positioning unit loads and the disparity between positioning yield and actual yield. 
The unit incremental dynamic loads based on the results of this participation were low¬ 
er than those for Weight Configuration 2 instead of higher as predicted by the analysis. 
The wing root (Wing Station 50) experienced the highest percent of design limit load, 
although the wing tip had been predicted as the critical area. This change in critical 
wing stüïïon was due to the low level of incremental dynamic load and the high level of 
steady-state load at Wing Station 50. In this participation, the steady-state load rep¬ 
resented^ percent of the total load at Wing Station 50 and 10 percent of the total load 
in the wing tip area. Measured incident thermal energy and nuclear dosage were neg¬ 
ligible. 


3.9 SHOT OWENS 


Shot Owens was fired on the day following Shot Kepler. The aircraft was positioned 
outside the triple point path and short of ground zero at shock-arrival time using the 
method described for Shot Kepler. The short time period between the two events was 
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TABLE 3.11 GUST RESPONSE, SHOT JOHN 


NR: Not Required. NM: Not Measured. 


WS 290 


NR 
NR 


6.225 


-54.4 


79 


NM 
NM 


5.2 


-12 


62 


HORIZONTAL TAIL STATION HT 13.5 


Predicted: 


♦ Bending Moment, 103 in-lb NR 


♦ Corresponding Torsion, 103 in-lb NR 


Percent Limit Load — 


♦Shear, 103 Pounds 2.43 


♦ Corresponding Torsion, 103 in-lb 142 


Percent Limit Load 77 


Measured: 


♦ Bending Moment, 103 in-lb 135 


♦ Corresponding Torsion, 103 in-lb +35 


Percent Limit Load 46 


•Shear, 103 Pounds 2.2 
•Corresponding Torsion, 103 in-lb 35 


Percent Limit Load 43 


WING STATIONS 
WS 50 WS 165 WS 205 WS 267 


Predicted: 


* Bending Moment, 103 in-lb 


* Corresponding Torsion, 103 in-lb 
Percent Limit Load 


* Shear, 103 Pounds 
•Corresponding Torsion, 103 in-lb 


Percent Limit Load 


Measured: 


* Bending Moment, 103 in-lb 


* Corresponding Torsion, 103 in-lb 
Percent Limit Load 


* Shear, 103 Pounds 


* Corresponding Torsion 
Percent Limit Load 


2,693 


280 


89 
19.7 


418 


90 


2,400 


265 


84 
18.3 


380 


87 


NR 
NR 


NR 
NR 


NM 
NM 


NM 
NM 


858 


7.48 


68 
8.94 


41.8 
78 


810 


10 


66 


7.8 


40 
73 


410 
-17.7 


90 


7.34 


-17.7 


77 


405 


10 
83 


6.3 


10 
64 


FUSELAGE STATION FS 535 


Predicted: 


Horizontal Bending Moment, 103 in-lb 68 
Corresponding Vertical Bending 


Moment, 103 in-lb -386 


Percent Limit Load 36 


Measured: 


Horizontal Bending Moment, 103 in-lb 73 
Corresponding Vertical Bending 


Moment, 103 in-lb 95 


Percent Limit Load 19 


* Incremental Loads 
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not sufficient to permit a reposition for the Shot Owens event based on the Shot Kepler 
data. In addition, it was not possible to appreciably increase the predicted load level 
for Shot Owens without exceeding the permissible nuclear dosage. The desired air¬ 
craft speed was Mach 0.755 at an altitude of 16,000 feet. 


All instrumentation functioned properly and the aircraft was at the planned position 
at time of shock arrival. The wing loads were low relative to the allowable load enve¬ 
lopes, and the highest percent of design limit load occurred at Wing Station 50. The 
load magnitude and combinations were approximately the same as experienced during 
Shot Kepler. Despite the low load level measured in both the Kepler and Owens events, 
the agreement between the recorded loads of both participations indicated a negligible 
amount of instrument scatter. Therefore, the results of both participations provided 
usable data for the unsymmetrical aircraft weight configuration. Measured incident 
thermal energy and nuclear radiation dosage were negligible. 


3.10 SHOT STOKES 


Weight Configuration 2A was repeated for Shot Stokes because of the low load levels 
measured during the Kepler and Owens participations. This decision was based on the 
need for a test point at a higher load level for verification of the previous results ob¬ 
tained for this weight configuration. The aircraft speed remained at Mach 0.755 at a 
desired altitude of 15,000 feet. 


Because of the burst height above ground, the time between incident and reflected 
shock waves was sufficient to permit positioning inside the triple point path. The air¬ 
craft was positioned to obtain 95 percent of design limit load in the wing-tip area, using 
unit loads based on the results of both Kepler and Owens. For the desired load level, 
the predicted aircrew nuclear dosage was prohibitive if the aircraft passed directly 
over ground zero during or after burst time. To reduce the predicted nuclear dosage 
to an acceptable level and still obtain the desired load level, the aircraft was positioned 
with a flight path offset from ground zero. This produced a side and tail component of 
gust. 


The aircraft was in its planned position at shock arrival, receiving approximately 
70 percent of the allowable limit load in the wing-tip area. Malfunction of instrumen¬ 
tation included underexposure of the photo panel film, because of an improper setting 
of the camera lens; failure of the strain-gage bridges at Fuselage Station 480; and 
failure of the right-hand engine exhaust-gas temperature gage. All other instrumenta¬ 
tion functioned properly. Measured nuclear dosage acquired by the pilot and observer 
was 0.85 rem, considerably lower than predicted analytically. 


The maximum design limit load received by the aircraft in this participation was 
15 to 20-percent higher than for Shots Owens and Kepler and was of sufficient magnitude 
to complete the analysis of Weight Configuration 2A. However, the load time histories 
recorded in the Stokes event showed some response characteristics which did not appear 
in either the Owens or Kepler results. It appears probable that the side component of 
gust acting on the wing in this participation was the cause of the difference in response 
characteristics. Test unit loads for the Stokes event based on the actual aircraft posi¬ 
tion and measured overpressure were considerably lower than the predicted values 
based on the previous results of the Kepler and Owens events. 


3.11 SHOT SHASTA 


This event was utilized to obtain another test point in Weight Configuration 3 with a 
desired airspeed of Mach 0.755 to evaluate altitude effects and obtain high load response. 
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A position at 15,000 feet altitude, outside the triple point path, and short of ground zero 
at time of shock arrival was determined from unit wing loads based on the Shot Diablo 
results. The effect of altitude on the unit loads was assumed to be the same as indicated 
by the test results obtained for Weight Configuration 2. 


The pressure transducer located on the lower fuselage surface at Fuselage Station 
84 was inoperative in this participation, and the wing deflection camera failed. All 
other instrumentation functioned properly and the aircraft was in the planned position 
at time of shock arrival. 


The maximum percent of design limit load measured was at Wing Station 290 as 
predicted, and the magnitude of the critical combination correlated well with the pre¬ 
dicted values. In general, the wing loads recorded were of a higher magnitude than for 
most other events. The incident thermal energy measured was low, and the nuclear 
dosage received by the aircrew was 1.16 rem, considerably lower than predicted. 


3.12 SHOT DOPPLER 


In this event it was decided to obtain information with respect to side loads on the 
vertical tail, since this data was considered useful for investigating weapon-delivery 
techniques other than those presently covered in Reference 1. Aircraft Weight Con¬ 
figuration 2 was used to facilitate correlation with symmetrical loadings. 


Shots John and Stokes both included a small side component of gust in the actual 
tests and therefore provided some test load information concerning the side loads on 
the vertical tail. This test data was used to position the aircraft in Shot Doppler to 
obtain 85 percent of design limit load at Fuselage Station 535 for a desired aircraft 
speed of Mach 0.755 and an altitude of 12,000 feet. The critical load combination con¬ 
sisted of peak side bending moment and corresponding vertical bending moment at 
Fuselage Station 535 with predicted wing loads at Wing Station 267, equal to 67 percent 
of the allowable values 


All instrumentation functioned properly and the aircraft was in the planned position 
at shock arrival. The measured loads at Fuselage Station 535 were only 45 percent of 
the allowable values and the maximum load combination occurring on the wing was 55 
percent of the allowable limit load at Wing Station 50. The discrepancy between the 
measured and predicted loads at Fuselage Station 535 was due to the disparity between 
the positioning yield and actual yield and the conservatism in the unit loads derived 
from previous tests. 


This event concluded the planned participations to obtain data for evaluating the 
effects of side gust impingement. 


3.13 SHOT FRANKLIN PRIME 


The Franklin Prime participation was utilized to obtain data for evaluating altitude 
effect on the structural response of Weight Configuration 3. The aircraft was positioned 
to receive a load level of 75 percent of the allowable limit based on the unit test wing 
loads obtained from the Diablo and Shasta results and extrapolated to the desired alti¬ 
tude. The desired position was at 13,200 feet altitude, inside the triple point path and 
tail on to ground zero at shock arrival, with an aircraft speed of Mach 0.755. 


All instrumentation functioned properly except for one N-9 camera which failed to 
operate. The aircraft was in the planned position at shock arrival and received approx¬ 
imately 65 percent of allowable limit load at Wing Station 290. Measured nuclear dos- 
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ago acquired by the pilot and observer was 2.44 rems and 2.06 rems, respectively. 


The gust input received from participation during Shot Franklin Prime was of suffi¬ 
cient magnitude to evaluate the effect of altitude on the structural response of Weight 
Configuration 3. 


3.14 SHOT SMOKY 


The airspeed for all previous participations was in the Mach range of 0.75 to 0.78 
where the chord-wise shift in wing center of pressure was negligible. To evaluate the 
effect of changes in the chord-wise center of pressure, an airspeed of Mach 0.85 was 
used for Shot Smoky. This airspeed produces the furthest-aft center of pressure for 
steady-state flight conditions. 


Weight Configuration 2 was selected for this event to provide additional data for the 
most critical weight configuration tested. The aircraft was positioned outside the 
triple point path, at an altitude of 20,000 feet, and short of ground zero at shock arriv¬ 
al. Analytical unit dynamic loads for this configuration at Mach 0.85 were used in 
conjunction with previous test results to determine the loads at the desired position. 
Since this was the first test at this airspeed, the aircraft was positioned to receive 80 
percent of design limit load, based on the peak bending moment and corresponding tor¬ 
sion at Wing Station 267. 


The aircraft was in the planned position at shock arrival time and all instrumenta¬ 
tion functioned satisfactorily except for one N-9 camera which did not operate properly. 
Useful data for evaluation of the effect of wing center-of-pressure change on the struc¬ 
tural response was obtained which again indicated that the analytical data was uncon¬ 
servative. Measured incident thermal energy and nuclear radiation were negligible. 


3.15 SUMMARY 


To evaluate Weight Configuration 2, four events were utilized to obtain data with the 
airspeed of the aircraft limited to a Mach range of 0.75 to 0.78. The recorded wing , 
loads at each instrumented wing station were reduced to unit values, using the effective 
gust velocity (KUez) based on the measured overpressure, then plotted versus density 
altitude for each participation. Curves were faired through the test points to obtain the 
trend of unit test loads with density altitude, Figures 3.7 through 3.10. The trends 
exhibited by the test results were consistent, indicating a minimum amount of instru¬ 
mentation or test scatter. These unit test load curves were used in the positioning anal¬ 
ysis conducted for Shot John. The measured loads from Shot John, as shown in Table 
3.11, and Figures 3.4 and 3.5, substantiated the validity of the unit load curves developed 
as explained above and the assumption that the incremental dynamic loads were not 
affected by the magnitude of maneuvering loads. 


Three events, Shots Diablo, Shasta, and Franklin Prime, were used to obtain dynam¬ 
ic response data with rockets installed in the tip pods (Weight Configuration 3) but other¬ 
wise maintaining the same general aircraft flight conditions. The results obtained in 
these three participations showed that the maximum load combinations in this configu¬ 
ration were less critical with respect to the allowable load envelopes than were the loads 
for Weight Configuration 2. 4 


Three events, Shots Kepler, Owens, and Stokes, were used to obtain dynamic re¬ 
sponse data for Weight Configuration 2A, basically the same as Weight Configuration 2 
except that one MB-1 weapon was installed on the left wing. Contrary to predictions, « 
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Figure 3.10 Unit torsion at time of peak positiv» shear for Weight Condition 
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Figure 3.11 Free-air overpressure versus slant-range parameter, based on 
test results using averaged measured overpressure (Reference 9). 


the results obtained in these three events indicated that the maximum load combinations 
experienced in this weight configuration were less critical than Weight Configuration 2. 


Two events, Shots Doppler and Smoky, were used to obtain dynamic response data 
from side gust impingement and wing center-of-pressure shift, respectively, for Weight 
Configuration 2. Shot Stokes was used to obtain additional side gust load data for Weight 
Configuration 2A. This data will be useful for investigation of weapon-delivery tech¬ 
niques not covered in Reference 1 and refinement of the analysis for high speed delivery. 


Four pressure transducers were used to determine the overpressure of the shock 
wave. A faired line on the pressure-time histories was used to obtain the peak over¬ 
pressure value, as indicated in Figure 3.2. The measured overpressure values for 
each participation were converted into a plot of free-air overpressure versus slant 
range. A comparison of the measured free-air overpressure to that based on the M- 
Problem (Reference 9) is presented in Figure 3.11. The measured values consistently 
fall below the M-Problem curve. 


A study of the time histories of the recorded responses was made to evaluate the 
effect of diffraction. The recorded time histories agreed closely with the analytical 
gust (no diffraction) time histories with respect to shape and frequency response. There¬ 
fore, it was assumed that diffractive loading was either insignificant or did not exist. 
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Chapter 4 


CONCLUSIONS and RECOMMENDATIONS 


4.1 CONCLUSIONS 


Sufficient information was obtained during Operation Plumbbob to determine the 
structural response of the F-89D aircraft in flight to the blast and thermal effects of 
a nuclear explosion. This data will be used to evaluate the delivery capabilities of the 
F-89J aircraft. 


The dynamic response of the F-89D, and therefore the F-89J, to the blast associated 
with a nuclear detonation produces higher wing loads than predicted analytically for the 
F-89J in Reference 1. Therefore, the delivery techniques specified in Reference 1 are 
unconservative in this respect. 


For the conditions tested, the F-89 structural loads result only from the gust asso¬ 
ciated with the shock wave. Thermal and diffraction effects are so small as to be unim¬ 
portant. 


The horizontal tail and aft fuselage were, in all participations, less critical than the 
wing. Therefore, the structural limitation is defined by the allowable dynamic loads 
on the wing structure. 


The incremental dynamic loads are not affected by the magnitude of maneuvering 
loads existing on the structure at shock arrival for the range of flight conditions cover¬ 
ed during Shot John. 


The use of the M-Problem method for predicting overpressure is slightly conserva¬ 
tive, since the recorded overpressure values were lower than predicted by this method. 


4.2 RECOMMENDATIONS 


No further participation of F-89 series aircraft should be planned for the purposes 
of determining the aircraft response characteristics. 


In order to determine operational weapon-delivery capability of the F-89J, additional 
data from firing tests of MB-1 rockets would be necessary to confirm safe escape ma¬ 
neuvers. 


The dynamic analysis used in the F-89J Capability Study should be reviewed and mod¬ 
ified to correct the unconservative limitations that now exist. 
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